Recently, we have used, pulsar polarisation datasets, on circular polarisation degree [1] & linear polarisation position angle [2] , to relate with well established theories, on ellipticity parameter and linear polarisation position angles, accrued by unpolarised photons, while undergoing photon-ALP oscillations, inside a magnetised medium. This has given us parameter values such as ALP mass and its coupling to photons [3] . To further test this, we now switch to different wavebands, other than earlier 21 cm wavelength, and check for the validity of our model. Here we use two data sets [4] on circular polarisation degree of identical pulsars observed in two different wavebands. We show, correlation between these two new sets of data and our model using the composite product variable of ALP mass and its coupling to photons, exist. We also check whether our model hypothesis that one physical effect, namely ALP-photon mixing is sufficient to, estimate ALP parameters, faithfully, or not. We conclude by describing other pertinent physical effects that may be included into our model to explain the circular polarisation degree of pulsars,independent of its operating wavelength of observation.
Introduction
Generic pseudoscalars [5, 6, 7, 8, 9, 10] or Axion-like particles (ALPs) are well motivated by many throeries beyond standard model of particle physics [11, 12] . The proposed interconversion of photon to ALPs mediated by a background magnetic field has been explored for more than two [13, 14, 15, 16] decades to extract the mass & couling strength to photons, of ALPs. This field has been traversed by both phenomenologically [17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32] and observationally [33, 34, 35, 36, 37, 38, 39, 40] . Here we shall turn our attention to the polarisation properties of highly degenerate compact stars [41, 42, 43] , commmonly referred to as neutron star. We have recently shown that experimental observation of ellipticity parameters of such objects [44, 45, 46, 47] may also be related to a theoretical ellipticity parameter which assumes a suitable γ-ALP interconversion model, with the help of correlation and regression we obtained the ALP mass & its coupling to photons, in an earlier work [3] . The composite product of these two pseudoscalar parameters, may now be harnessed in reverse, to estimate waveband frequencies in which the polarisation observations are made. In so doing, we utilise another dataset describing polarisation details of pulsars in two different wavebands, to calculate the observational ellipticity parameter. Putting the composite product pseudoscalar parameters and magnetic field, into the theoretical ellipticity parameter, leaves only one unknown quantity, i.e. the frequency of observations, aside. If our hypothesis is correct about this model of ALP-γ mixing, then the slope of regression between theoretical and experimental ellipticity will fit the value of the frequency of of observation, in both the cases. Matches of frequencies shall increase the confidence in our simple model. Otherwise possible improvements may be implemented over it.
Data & Model
The following data shown in table no. (3) is obtained from the reference no. [4] . It contains the spin down luminosity E, pulsar spin period P and spin period time derivativeṖ, for one hundred pulsars observed in two frequencies, 333 MHz & 618 MHz. Out of which 86 of them have complete polarisation information, that are used here. However a fraction of the data is only given here, for want of space. Following the basic pulsar model [42] we may derive pulsar magnetic field B.
The ellipticity parameter can then be evaluated by the following formula [3, 48, 49] (2)
Given that the distance z is fixed to 10 kilometres & the magnetic field B is calculated from the data, we can calculate a theoretical estimate of the ellipticity parameter. In so doing we use the values of pseudoscalar ALP parameters derived in [3] , provided we use employ the ALP parameters as derived therein, and the frequency used in [4] . However, this also entails an unique opportunity to pit the the experimental ellipticity parameter, as given by
arctan |V| P lin with that of the theoretical one (2), modulo the value of the observational frequency, in what is known as a regression analysis. The interceptless slope or the regression coefficient shall then reveal to us the frequency used for the experiment. A close match shall boost our confidence in our model. However, we shall look for other statistical checks and balances such that how our results are self consistent (closely correlated), and whether or not, the result thus obtained is due to serendipitous stroke of luck, such as providential positioning of outliers in the data. We shall repeat this method to chek our model for both the wavebands of observation as given in our data source reference [4] . The goodness of fit for both the cases shall also inspected. Also, possible reasons for the differences shall be attributed to effects that are already known in [50] .
Result of Regression Analysis
The result of the statistical analysis for the waveband 333 MHz is given in table no. (1)
Coefficients
Mean Std. Error F-Statistics t-value Pr (> |t|) Slope 2.050e-16 6.627e-17 9.5686 3.093 0.00268 * * Table 1 . Result for 333MHz This is quite good fit with two stars at 4σ level. The above result translates into a frequency of 311.446 ± 100.68 MHz. Except for the large WSSR error, the fit is quite convincing.
The summary graph containing the prediction limits and confidence intervals (95%) of the fit is given in fig Next, we look for other fitting characteristics for this waveband, before going onto the other waveband. These include (standardized) residues plot, Q-Q plot & cook's distance plot, given in fig. no. (2), so that we know the fit is not accidental due to fortuitous placements of outliers. We also note the normal nature of the distribution of the data points from Q-Q plot. Now result of the statistical analysis for the waveband 618 MHz is given in As compared to the earlier wavebands case, this is a poor fit, with single star and at 3σ level. This result translates into 267.843 ± 101.67MHz. This, even with the large associated WSSR errorbars fails, quite markedly, to reproduce the observational frequency. We shall discuss briefly, the reasons behind this, in the next section.
The summary graph containing the prediction limits and confidence intervals (95%) of the fit, for this waveband, too, is given in fig. no. (3) Next, for the sake of completeness, we look for other fitting characteristics for this waveband, too. These include, once again, (standardized) residues plot, Q-Q plot & cook's distance plot, given in fig. no. (4) , so that we know the fit is not accidental due to fortuitous placements of outliers. We also note the normal nature of the distribution of the data points from Q-Q plot. 
Discussion
we have been successful in at least reproducing one observational radio frequency, successfully, employing previously calculated values of ALPs parameters. Also, the estimate veered off course for the other observational frequency. The reason for this discrepancy requires deeper investigation, whereupon we shall only underscore some tell tale signature. We note that 618 MHz roughly translates to 4.067 × 10 −7 eV. In case the limitting frequency as given in [50] evaluates to this value, near the pulsar polar cap surroundings, as shown in fig. no. (5) then we may have to take into account the Faraday effect, along side the mixing effect. Then we have to redo all our calculation done previously in [3] to accomodate for borderline frequencies. The limmiting frquency is given by:
Assuming, the secondary plasma frequency as given by [51] we can actually compute this value quite accurately. The limitting frequency indeed ω L evaluates to ∼ 10 −7 eV. There are also other geometrical effects that may be important here. As per the emission height to frequency mapping of pulsar radiation [52] , high frequency radio beams are generated parallel to the magnetic axis [53] whereas low frequency beams are generated perpendicularly. Hence it is the intermediate frequency radio beam that will more prone to exhibit Faraday type mixing between two photon polarisations. It is also a known fact, that, Faraday effect is also more pronounced at intermediate regions of frequency as given in by the stokes parameter in ref. [50] , vide fig. no. 1 & 2 therein.
Conclusion & Outlook
The present analysis has proven to be insightful. On one hand it boosts our confidence in the simple model that leads us to the ALPs parameters. It also points to us the shortcoming of this simple model that may creep up in borderline cases, on the other hand. We shall carefully study and incorporate these effects and shall aspire to plug the theoretical gaps in the ALPs parameter extraction model. Table 3 . Pulsar Polarisation Properties
